Effects of ATP and pH on the stationary absorption spectrum of FADox
Decreasing pH results in a similar spectral effect like ATP-binding (Fig. 5) . Supplementary Fig. 3b shows the titration of the pH effect. The change of absorbance at 386 nm (wavelength of maximal change) can be fitted by a titration curve of a monoprotic acid yielding pKa = 7.38 (± 0.04). This value is in a good spectrum recorded at the highest pH (9.6) plotted against pH. The colours of the spectra in the inset correspond to the colours of the points, i.e., to the respective pH. The points were fitted by a titration curve of a monoprotic acid [Fitting Function 1 with y(pH) = A386 nm, pH 9.6 -A386 nm, pH (x) ] yielding pKa = 7.39 (± 0.10).
Fitting Function 1:
y = pH-dependent variable (measured A), f = amplitude scaling factor, b = offset. f, b and pKa are fitted to yield a curve with the lowest standard deviation from experimental points described by coordinates [pH;A].
The spectral effect associated with ATP binding to AtCRY1 (Fig. 5a ) is similar to that reported for cyclobutane pyrimidine dimer (CPD) lesion to DNA photolyase containing an oxidized FAD cofactor 1,2 .
MacFarlane and Stanley 2 reasoned the spectral shift could, in principle, be a result of two possible effects:
either a conformational change that modifies orbital interactions between aromatic amino acid residues and the FAD, or an electrochromic shift due to the presence of a dipolar substrate. Based on their study, the authors argue the latter is probably more important. Shifts in the spectrum of the neutral FADH • radical in an E. coli PL upon CPD binding were also attributed to the electric dipole of CPD 3 . The ATPadenine that enters into the pocket in AtCRY1 (homologous to the CPD binding pocket of photolyase) has a much smaller dipole moment (2.1 -2.5 D) 4 than two nearly parallel thymines (7.4 ± 0.3 D) 4 Based on a more-recent crystal structure of an Anacystis nidulans CPD photolyase 5 and on our results, we speculate that the observed spectral effects in both PL and AtCRY1 could be due to a change in the prevailing protonation state and hence change of charge of an amino acid neighbouring the FAD cofactor upon substrate binding. In the CPD photolyase, it could be a glutamic acid (E283 in the A. nidulans CPD photolyase) that becomes protonated in the presence of the CPD lesion -due to a stabilization of its protonated form by the formation of hydrogen bonds to the substrate (figure 4D in Ref. 5 ). In the case of AtCRY1, it seems to be D396, the protonated fraction of which increases upon ATP binding, possibly due to ATP-induced conformational changes (see main text for more details), because of replacement of polar solvent molecules in the binding pocket by the less-polar adenine moiety and/or by an electrostatic effect 5 of the negative charges of the ATP-phosphates. The nature of the binding pocket 'fill' and the negative charges of the phosphates could also have a direct effect on the electronic configuration of FADox itself (and thereby on its spectrum). Such an effect may explain why the changes of the AtCRY1 FADox spectrum upon addition of ATP (Fig. 5a ) and upon decrease of pH (Fig. 5b) are, despite their obvious similarity, not completely identical: the band in the visible corresponding to the S0  S1 (π,π*) transition seems to be more affected by ATP binding than by the pH decrease (that is not expected to change hydrophobicity of the binding pocket).
Addressing the question, whether structural changes induced by ATP binding might be the origin of the spectral changes of FADox in AtCRY1, we compared the two structures by Brautigam et al. 6 (with and without an ATP analogue, AMP-PNP): there appears to be no significant change in the conformation of the protein upon binding of the AMP-PNP. Unfortunately, both crystal structures were obtained at pH 5.5, at which D396 should be protonated even in the absence of the ATP analogue. It is hence not clear from these data whether the structure changes when D396(H) loses its proton. Furthermore, the structure lacking AMP-PNP contains a rather non-polar 1,6-hexanediol (crystallization agent) in the binding pocket, which could have similar effects on the pocket conformation like the adenine of ATP/AMP-PNP.
Affinity of AtCRY1 to ATP
The analysis of the spectral change as a function of ATP concentration provides a dissociation constant Kd = (1.4 ± 0.6) M for AtCRY1 PHR (see Supplementary Fig. 4 ). This value can be compared to the Fitting Function 2 is based on the assumption that ΔA386 is proportional to the fractional saturation y: 
Species kinetics on time scales >1ms
In the absence of an extrinsic reductant, most of the FADH • -Trp • radical pairs recombine within a few milliseconds and in about one fifth of all pairs, Trp • is reduced, presumably by a tyrosine (TyrOH) residue, yielding a longer-lived FADH • -TyrO • pair (Fig. 4 and Supplementary Fig. 5 ). (Supplementary Fig. 5 ). The decay of the curve with the highest cysteine concentration (20 mM; cyan) between t = 0 and t ~ 3ms reflects solely the reduction of the Trp • radical (which absorbs weakly at 560 nm; see (Fig. 4) . According to the analysis of our data based on the proposed reaction scheme (Fig. 6) , the presence of ATP strongly increases the ratio of Fig. 6 ). We have followed an established procedure, using the same electrochemical cell and the same redox mediators as in our previous study 16 . The only differences were that we used the truncated version of the protein (PHR) instead of the full-length AtCRY1, 50 mM phosphate buffer instead of 20 mM Tris and 500 mM NaCl instead of 600 mM NaCl. Knowing the total FAD concentration (from the FADox spectrum before reduction) and monitoring the change of absorption at 600 nm where the only absorbing species is the semireduced neutral flavin FADH • , we could determine the relative amounts of FADH • at the given applied potential. The data in Supplementary Fig. 6 comprise both oxidative and reductive titrations. The fact that we have not observed any significant hysteresis indicates that the system was close to its thermodynamic equilibrium. 
Radical pair quantum yields
At the same geometry and excitation energy (at 355 nm) as in Fig. 2 In a previous study 20 , performed in the absence of ATP on full-length AtCRY1 at 12°C, we have reported a quantum yield of only ~2% for the FADH • -Trp • pairs, i.e., approximately 2.5 times lower than the present estimate (at late times) in the truncated protein at 0-2°C. The deviation is most likely mainly due to a difference in pH. In fact, in our previous study, the pH of the Tris buffer (7.5) was determined at 25°C and its rather strong temperature dependence 21 was ignored. We estimate the real pH under the experimental conditions of our previous study (12 °C) was ~7.85. From our present titration of the signal amplitude in the absence of ATP (Supplementary Fig. 3a) , one obtains a quantum yield of ~2.5% for the FADH • -Trp • pairs at pH 7.85. The remaining deviation may be due to an insufficient time-resolution (~100 µs) in the previous study and to the difference in temperature (that may also have affected protein stability).
